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Fieldbus Digital technology: Today and the Future
Foundation Fieldbus technology has been in use for over a decade, yet the uptake within the United Kingdom lags other regions of the world. In part this is due to where construction is occurring and another reason may be a lack of understanding of the technology. This article will help you reduce your anxiety and reluctance to start taking advantage of industrial networks technology such as Fieldbus, Ethernet and Wireless.
Foundation Fieldbus Basics
The good news regarding any of the fieldbus technologies is that the "only" significant difference to the End User is the "language" used by the field device to communicate with the central control system or DCS. As a result, all the knowledge you have regarding the proper selection and documentation of field devices such as transmitters (differential pressure or vortex for flow for example) and final control devices (globe valve versus ball valve or variable speed drive) remains unchanged. It is the proper selection and installation of the field devices that reflects the majority of the knowledge that you as an instrumentation person have as a way of differentiating yourself. It is for this reason that I say the "only" new thing to learn is Fieldbus communications. Despite this, just like learning a new language, you will have to add a few new items to your "bag of tricks" in order to complete a Fieldbus project. So let's start with some definitions of what makes Fieldbus different 1 . For a start, in Fieldbus 2 terminology the DCS is known as a Host. When most people think of Foundation Fieldbus, they think of the Function Blocks such as Analogue Input, PID, and Analogue Output etc. However this represents only one aspect of the technology called the User Layer. Just like we all need infrastructure such as an Ethernet connection to be able to access the Internet, fieldbus technology requires a Physical Layer to transmit the data -as represented by the electrical signal from one device to another. Let's start from the "bottom up" with the Physical Layer. Figure 1 shows the main components of a Fieldbus system including what components make up a Fieldbus Segment. The Fieldbus segment with its multiple device connections replaces the analogue loop. In the case of Fieldbus, the Host is considered one of the maximum 32 devices that can be connected to a single I/O segment. Some Host systems are restricted to 16 devices per H1 card and many users for risk management reasons set a maximum of approximately 12 devices on a single segment. As is the case today, all Power Supplies are rated for a maximum load. The same is true for Foundation Fieldbus. Depending on the Gas Group, the End User may reach the rated limit of the FF Power Supply/ Conditioner before they reach the maximum number of devices they wish to install on a single segment. A "simple" way to quickly make this determination is to use the "rule of thumb" of 20 mA/device and then divide the output rating of the FF Power Conditioner in mA by 20 to see how many devices can realistically be expected to be installed on each segment. A segment, as shown by the box consists of all the equipment between the two Terminators represented in this diagram by the letter "T" inside a box. The components of a segment include:
Terminators -impedance matching devices so the network does not have "reflections" that will cause "extra" noise on a segment. Missing or extra terminators can most normally be recognised by higher or lower than expected Fieldbus signal levels.
Power Supply/Conditioner -Inductive load in a circuit to prevent the oscillating Fieldbus signal from being dampened or cancelled by a linear bulk power supply which attempts to maintain a constant voltage on a its terminals. Power Supplies/Conditioners also provide the necessary degree of isolation between the Bulk Power Supply and the network to make the network Intrinsically Safe or its equivalent. In effect the Power Supply/Conditioner serves the dual purpose of being an IS Barrier/Isolator when required. Foundation Fieldbus Power Supplies/Conditioners must comply with Foundation standard FF-831.
Trunk -The shielded twisted pair of cable between the pair of Terminators. Foundation Fieldbus cable now also has specification FF-844 that it must comply against.
Spur -Run of cable between the trunk and the device, which must be greater than 1 meter in length.
Wiring Hub -used for the Tree or Chicken-Foot design, this is an assembly that connects multiple spurs to the trunk. The Fieldbus Foundation™ has just released As you can see from Figure 1 and the above description, there are two key differences between the physical layer for Foundation Fieldbus H1 and traditional analogue loops: It is because of these differences that Foundation Fieldbus H1 and Profibus PA are able to support up to 32 devices on a single wire pair and associated I/O port on the Host system. These differences are also the reason why a Fieldbus system needs to use FF Power Supplies/Power Conditioners and Terminators.
The items discussed above, represent the lowest Data and Physical Layers of the OSI model and Fieldbus Foundation specification. Because Fieldbus is a relatively simple standard, it is not necessary to fully develop all 7 layers of the OSI model, so what was done instead was to develop a "Stack" that takes care of all the network management functions of the protocol.
This describes the Physical part of the Fieldbus Specification -normally easier to understand because it is visible and can be touched. However, there is also a major software component of the specification involved as well, called the "User Layer". The User Layer includes all the Function Blocks, which are the part most people think about when they are talking about Fieldbus. The most common Function Blocks are the AI (analogue input), AO (analogue output), PID (Proportional-Integral-Derivative), DI (Discrete Input), and DO (Discrete Output). The most critical function, however, is the LAS (Link Active Schedule) as it enables Fieldbus to implement "control on the wire" / "control in the field." A device capable of operating as the LAS is defined as a LinkMaster device. If a device does not support the LAS function, it is known as a Basic device. A single network can have multiple LinkMaster devices and hence multiple levels of redundancy for this functionality.
As shown in Figure 2 , there are 3 types of Blocks in a Fieldbus Device. The Resource block is defined by the manufacturer and describes the characteristics of the device. There is always only one Resource Block in a device. The next block is the Transducer Block which serves as the interface between the process, normally analogue signal and the Function Block. As the name implies this block "transcribes" the raw signal to a digital signal, with appropriate filtering if desired and also as is becoming more important it is also where all the diagnostic and calibration information regarding the device is stored. Because of this increasing importance of the Transducer Block the Fieldbus Foundation is actively working to add a higher level of standardisation to these blocks so that they can more easily integrate with Host and asset management software systems. There will be one Transducer Block (TB) for every AI, AO, DI, or DO function block in a system. Last, and most important, is the Function Block itself which is communicated on the network and is able to be linked to other Function Blocks to create a field implemented control strategy.
One thing that must be noted is that Transducer Blocks and Function Blocks are available in three formats; Basic, Enhanced, and Extended. The Basic and Enhanced Function Blocks are fully defined in Foundation Fieldbus standards, while Extended blocks contain manufacturer specific coding. Despite this, regardless of which type of block is installed, it will be Interoperable due to the Foundation's Interoperability Test Kit and its famous "check mark" of approval for devices passing the rigorous ITK (Interoperability Test Kit). All three forms of Function Block and Transducer Block are tested against the ITK for the check mark and if successful will be interoperable.
The final significant component of the Fieldbus system that a User must understand is the scheduling and communication of the messages themselves. Because Fieldbus is used for real time control, it must be deterministic meaning that the User knows that an event will consistently occur within milliseconds every time and be repeatable. Figure 3 shows the components of a typical macrocycle with two loops. A Macrocycle can be any period of time greater than 250 milliseconds and in most instances is 1 or 2 seconds. The following items occur in the following sequence for each macrocycle:
1. Input Function Block is executed within the device to convert the raw reading into the digital signal to be published on the network.
2. Compel Data command is issued by the LAS, to publish the control related data (Process Variable (in engineering units), Time Stamp, Tag Name, and Status) for all "interested" devices to subscribe to or read. Though not shown, the Host system is normally one of the subscribers. Note that a second Compel Data command can execute for a different loop while the Function Block of a device that does not need to subscribe to the data of the first loop is executing.
3. Control Function Block executes based on the new updated information it receives and then communicates its results to the associated Output block.. For Control in the Field, the Control Function Block is normally executed in the Output device so that it will not be necessary to publish the data an "extra" time, thus saving the time required in the macrocycle for one or more additional Compel Data messages. 4. Output block executes and moves the final control element to its required position.
5. Acyclic communications then occur for the balance of the macrocycle.
Acyclic communications which use Client-Server relationships and a Pass Token mechanism include the information shown on the right hand side of the figure and are prioritised so that an Alert (FF name for an alarm) is given the highest priority, while something such as the download of a new configuration or upgrade to the device which will take several messages to complete is at a lower priority. Now that the theory is understood and we are all able to use the same terms, let's start again from the Physical Layer describing the options available with which to actually build such a network.
Building a Network
The first question that must be answered when building a Fieldbus network is the area classification of the field devices. That will form the basis of your decision of whether you want or need to design to Explosive Atmospheres area classification (ATEX), Safe Area, Explosion Proof, Intrinsic Safety or its equivalent standards as this will determine the type of Power Conditioner to be selected.
If a Safe Area or High Energy Trunk solution is being chosen to get more power to the field and consequently more devices on a single H1 port the trunk will not be "live workable" in a classified area. The alternative is to use Intrinsically Safe (IS) technology and its equivalent FISCO (Fieldbus Intrinsically Safe COncept) or for a Zone 2 installation FNICO (Fieldbus Non-Incendive COncept). Figure 4 summarizes each of these methods of protection and where in terms of Area Classification they are best suited to be used. Depending on the Gas Group for the FISCO and FNICO installations, it is possible to achieve current loads of up to 265 mA and 320 mA respectively more than sufficient to install approximately 12 devices/segment. The same high voltage, high current Power Conditioners used for a General Purpose installation are used for the High Energy Trunk solution. It should also be noted that full redundancy is now available for FISCO Power Conditioners as well as for the General Purpose Power Conditioner options. It is expected that redundant FNICO will be available in 2009. Now that the segment has a reliable source of power it needs to have the necessary wiring hubs / field device couplers at the remote end of the trunk to accept the cable pairs and signals from the individual field devices. For all solutions but the High Energy Trunk, the field wiring hub is simply a simple electronic assembly typically with short circuit protection to isolate a single spur in the event of a short because if the block did not have this feature, with all the devices wired in parallel a short anywhere on the segment that is not isolated will bring the entire segment down. Most products also have an LED to indicate that there are sufficient voltage levels at the trunk connection. Wiring hubs come in a variety of sizes from a single point tee connection through to hubs able to support up to 16 devices per block. Most manufacturers provide wiring hubs that can be connected one upstream of the other to support more than the maximum number of devices available on a single hub.
In the case of a High Energy Trunk, a more complex set of electronics is required to reduce the energy level to each of the typically 4 FISCO compatible spurs. The assembly, called a Fieldbus Barrier, must also physically separate the two levels of Energy, that of the trunk and the spurs. Of course, because the trunk is not IS or equivalent, it can only be maintained or worked upon with the energy removed or a hot work permit at any potential ignition points. A maximum of 4 Fieldbus Barriers can be installed on a single trunk.
Finally, with the importance of the segment to reliable facility operations, all Fieldbus network manufacturers now offer network diagnostics capability that typically measure the voltages at key locations on the segment, noise levels, and other variables that provide an indication of the overall "health" of the network. Until relatively recently, diagnostic tools were only available as a hand held multi-meter like product, though now a number of continuous on-line solutions are now available.
The Human Machine Interface Factor
As stated above, Foundation Fieldbus, like HART and Profibus PA, is based on Device Description technology. The original EDDL language is relatively simple and text based. However because it is "text based" it has limitations on how user friendly the presentation of the information is made available. A number of German chemical companies identified a need to improve the interface to smart sensor networks and created the FDT/DTM concept. The Field Device Tool (FDT) solution operates in the Windows™ environment using and as a result is able to take advantage of the rich graphical capabilities of this operating system. This richness comes at a price, and that is large file size, which is not normally an issue since the In response to FDT/DTM and End User demand, the Fieldbus Foundation updated EDDL to e-EDDL (enhanced EDDL) which supports methods (wizard like scripts/batch files to execute a series of commands such as calibration or valve stroke testing) graphics and most importantly the ability to store and retrieve history. It is also the intent of this group to move to an OPC UA environment in the future.
In April 2007, both the Fieldbus Foundation and the FDT Group realised that as they were both migrating to a single OPC UA environment. They realised that it was so expensive for manufacturers to support e-EDDL as well as FDT/DTM that they would move to a single FDI platform in the future, likely 2009 or 2010.
The Next Generation
In addition to the development of the new FDI interface the Fieldbus Foundation will also be introducing several new "products" in the next 2 years. All these products are being driven by End Users who have a direct voice to the Foundation Board of Directors on what enhancements are required to improve the reliability and usability of Foundation Fieldbus technology.
The first of the three new technologies we will discuss is Foundation Fieldbus Safety Instrumented Function (SIF) which is nearing completion. A Press Day at Shell's facility in Amsterdam in May 2008 demonstrated that the technology works as specified and is compliant with the IEC 61508. The remaining steps before Fieldbus can be used for Safety applications, up to SIL 3 include completion of the ITK revisions which will mean that SIF products are compliant with the Fieldbus specification. Once the Fieldbus "check mark" certification is received, the manufacturers will then have to submit the resulting product for it SIL rating. The net result is that SIL approved Fieldbus Safety products will likely be released in 2009.
The other activities of significant interest have to deal with Ethernet. Foundation Fieldbus version of Ethernet is called HSE and was developed in the mid-1990's. At that time a number of manufacturers developed Linking Devices, which are H1 to HSE gateways. However since the beginning it has been the intention to use HSE as a means to capture and transmit high rates of data such as would be found in a factory automation environment to the control system. HSE RIO is the project to make this happen. A corollary project underway in parallel is the development of Wireless Foundation Fieldbus. Figure 5 shows how the HSE RIO and associated Wireless IO teams will be developing phased implementations of their work over the next 5 years.
In Phase 1 of the HSE RIO project, the team will define the necessary standards to bring traditional Discrete Inputs, Discrete Outputs, Analogue Inputs and Analogue Output measurements, with their associated HART signals and H1 in to the control environment over a single HSE connection. Phase 2 of the HSE RIO scope will be to develop a "universal" gateway to be able to bring in a variety of other non-Foundation Fieldbus protocols in to the control system over HSE. A demonstration of Phase 1 technology is planned for May-June 2009 and demonstration sites are still being sought so, if you are interested, please contact the author. It is expected that Phase 1 products will be available in 2009-2010. Phase 2 products will likely follow 2-3 years later.
Similarly, Wireless is using a phased approach to its implementation as well with Phase 1 "replacing" the cable HSE connection to the Host with a wireless connection. Phase 2, which to some extent is dependent on the work of other organisations including ISA-100, will follow again 2-3 years later, likely the 2012 time frame.
Conclusion
Fieldbus technology is now widely deployed in industries and countries around the globe as the "default" solution for the majority of new grass roots facilities. Despite this and, in large part, because of the demands of the people using the technology, it is continuing to evolve to meet the increasingly demanding needs of the End User to make the technology more reliable, safer, faster, and more User friendly. These demands may appear to result in a more complex technology. However, through the power of knowledge, increased computing power and the hard work of the manufacturers of these products, the implementation of the technology itself is in fact becoming easier. 
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